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ABSTRACT

A detailed geochemical survey utilizing bedrock samples was conducted
over an area containing a known molybdenum-tin drainage sediment anomaly in
the southern Wah Wah Mountains in southwestern Utah. The geochemical patterns
found in this survey are similar to those around known porphyry-type
molybdenum deposits. The elements associated with the anomaly are Mo, Sn, Bi,
Be, F, Li, Nb, and Y; and the depleted elements are Al, Ce, Fe, La, and Si.
The geochemical distribution of these elements associated with an area of
leucocratic rhyolite suggests this anomaly is probably located above a felsic

body at depth with possible porphyry-type molybdenum mineralization.
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INTRODUCTION

During the sumer of 1978, a regional geochemical survey utilizing
stream-sediment samples was conducted in the Richfield 1° x 2° quadrangle in
southwestern Utah, as part of the U.S. Geological Survey's Conterminous U.S.
Mineral Appraisal Program (CUSMAP) (Figure 1). Several areas of anomalously
high metal content were identified by this regional survey (Motooka and
others, 1979: Miller and others, 1980). One area in the southern Wah ¥ah
Mountains in the southwest corner of the Richfield 1° x 2° quadrangle was
anomalously high in molybdenum, tin, and other trace elements characteristic
of fluids from a crystallizing felsic body. Although no altered rocks or
mineral deposits have been recognized, a porphyry-type molybdenum deposit may
exist in association with a hidden intrusive body at depth (Lindsey and
Osmorson, 1978; Miller and others, 1980).

To assess the potential for mineralized rock more completely, a detailed
geochemical survey consisting of rock and drainage sediments was conducted
over the regional Mo-Sn anomaly in the Southern Wah Wah Mountains during the
summer of 1979. The area covered approximately 66 square miles (160 square
kilometers). The survey area is located in the Bible Spring, Mountain Spring
Peak, Observation Knoll, and the Tetons 7 1/2-minute quadrangles. The survey
area was ektended beyond the regional Mo-Sn anomaly so as to reflect
background values in the area.

A rock geochemical survey was utilized because the geochemical properties
of rocks can be examined directly. Slight elemental changes associated with
mineralization and halo formation can be detected. These often subtle changes
in elemental concentrations can often be overlooked in petrological studies

(Bailey and McCormick, 1974).
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There are two geochemical suites defined by the data: those elements
that are associated with the regional anomaly and those elements whose
concentrations are depleted in the area of the regional anomaly. The elements
associated with the regional anomaly are Mn, Cr, F, Y, Na, Be, Nb, Rb, Le, Mo,
Bi, and Pb. Those depleted elements are Si, K, Ca, La, Ce, Zn, Fe, Al, W, Mg,
Sr-V, Ba, and Ti. This report will discuss the elements Mo, Sn, Bi, Be, F,
Mb; Y, and Li with respect to enrichnents and the elements Al, Si, Fe, Ce, and

La with respect to depletions in conjunction with the regional anomaly.



GEOLOGIC SETTING

The study area is within the Pioche-Marysvale mineral belt in the Basin
and Range province, southwestern Utah. The area is on trend with the east-
west Blue Ribbon lineament, which is considered to be a deep crustal feature
(Rowley and others, 1978). The area also contains regional elemental trends
of Sn (Sainsbury and others, 1969), W (Kerr, 1946), Be (Shawe, 1966), and F
(Shawe, 1976). In addition, the anomaly is underlain by a broadscale magnetic
low (Mabey and Virgin, 1980).

Mining in the Pioche-Marysvale mineral belt has been mainly for Au, Ag,
Cu, F, Mn, Pb, U, W, Zn, and alunite. These deposits are associated mainly
with upper Tertiary alkali rhyolite centers, which in the southern Wah Wah
Mountain area, are commonly localized in areas of intensive hydrothermal
alteration (Rowley and others, 1978).

Figure 2 is a generalized geologic map of the study area. The major rock
types in the area are upper Tertiary alkalic rhyolite flows, flow domes, and
ash-tlow tuffs, which overlie Paleozoic sedinentary rocks that are predomi-
nately limestone (Best, 1979: Best and Jeffrey, 1979; Rowley and others,
1978).

Several areas of altered rocks have been mapped in the study area (Best
and Jeffrey, 1979: Best, 1979), and although extensively prospected, no major
mining activity has occurred within the study area. A porphyry-type
molybdenun deposit has recently been discovered at Pine Grove approximately 18

miles (29 kilometers) north of the survey area.
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Figure 2.--Generalized geologic map of the study area. After Best, 1979,
and Best and Jeffrey, 1979.
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DESCRIPTION OF MAP UNITS ON FIGURE 2

ALLUVIUM AND COLLUVIUM (QUATERNARY)--Unconsolidated, poorly sorted
strean, fan and slope-wash deposits of gravel, sand, and silt.
FORMATION OF BLAWN WASH(MIOQCENE)

Rhyolite member of Broken Ridge--A sequence of gray, red brown, and

lavender felsitic lava flows with locally autobrecciated margins
and vitrophyric bases; strongly flow layered and corwmonly show
spherulitic, vuggy, and lithophysal fabrics. One exceptionally
porphyritic rhyolite with abundant phenocrysts of smokey quartz,
sanidine, playioclase, and minor biotite occurs at the base of the
sequence at the north end of Broken Ridge; other rhyolite flows
are weakly porphyritic and even aphyric in places, and the sparse
phenocrysts, generally less than 1-2 mm across, consist of smokey
quartz, alkali feldspar, and playioclase. Topaz and rare fluorite
have been noted in vugs. Individual flows may be only a few tens
of meters thick, whereas the entire sequence may be as much as
200-300 meters thick. An age of 20. m.y. is reported on a sinmilar
topaz rhyolite flow in the Teton quadrangle to the north of Broken

Ridge.

Rhyolite member of Pink Knolls--Flows and shallow intrusive plugs and

dikes of gray to brown strongly porphyritic rhyolite; locally
vitrophyric. Phenocrysts of quartz, sanidine, plaginclase, and
lesser biotite comprise as ruch as one-third of the rock.
Phenocrysts range widely in size, and within individual outcrops,
sanidine and quartz range from small crystals to prominent

phenocrysts as iuch as 3 cim and 1 cm across, respectively.
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Tuff menber--A sequence of light-colored, generally loosely

consolidated, vitric-1ithic ash-flow and minor air-fall tuffs with
intervening beds of stratified water-lain tuffs, volcanic
sandstones, and conglomerates. The topaz rhyvolite at the Tetons
is underlain by a strongly welded ash-flow tuff with collapsed
pumice lenses of black or brown glass. Tuffs in the unit contain
less than 10 percent phenocrysts of quartz, plagioclase, sanidine,
and biotite and have abundant pumice lapilli. Fragments of the
Lund Tuff Member, as imuch as 25 cm across, are typically present
and are especially common in the epiclastic beds. Scattered
fragmnents of Lund are commonly the only indication of the unit
heneath poorly exposed slopes. The unit appears to be comprised
of locally-derived material, in part representing the precursory

explosive facies of younger rhyolite flows and intrusions.

HORNBLEHDE ANDESITE (MIOCENE)--Platy, gray rock with abundant acicular

black hornblende and lesser green augite phenocrysts in a very
fine grained trachytic matrix rich in plagioclase; locally

phenocryst-poor or even aphyric.

ISOM FORMATION (MIOCENE OR OLIGOCENE)--Densely welded, vuagy, eutaxitic

red-brown to lavender ash-flow tuff with less than 20 percent
phenocrysts of plagioclase and minor amounts of minute black

pyroxene; weathers into grus. At least two cooling units occur.

NEEDLES RANGE FORMATION (OLIGOCENE)--Purple-gray to red-brown, firmly

welded, crystal-rich ash-flow tuffs in which phenocrysts of plag-
ioclase, biotite, hornblende, and quartz constitute nearly half of
the rock; compressed pumice lapilli are locally conspicuous.

Age--29 n.y. (Fleck and others, 1975). Individually mapped.
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iR! Lund Tuff Member--Crystal-rich ash-flow tuff characterized by about 10
percent quartz, 10 percent biotite, and lesser amounts of horn-
blende phenocrysts, together with about 25 percent plagioclase.
Black vitrophyre, a few meters thick, lies at the base in the
eastern part of the quadrangle where the unit is 400 m or more
thick.

Tw Wah Wah Springs Tuff Member--Crystal-rich ash-flow tuff characterized
by ahundant plagioclase, hornblende, and hiotite phenocrysts and
less than 2 percent quartz phenocrysts. A black vitrophyre occurs
at the bhase of the unit where the total thickness exceeds 230 nm.

Te ESCALANTE DESERT FORMATION, UNDIVIDED (OLIGOCENE)--A sequence of
crystal-poor, lithic, rhyolitic to quartz-latitic ash-flow tuffs,
andesitic and rhyolitic lava flows, and volcanic sandstone
described by Grant (1978) and Canpbell (1978). "The type section
for the formation is the northeast flank of hill 6535 (Lund Quad-
rangle), sec. 6, T. 32 S., R. 14 W. It includes all lithologies
from the first ash-flow above the volcanic conglomerate to the
base of the Wah HWah Springs Member of the Needles Range Formation"
(Grant, 1978, p. 27). Tne name is taken from the large flat
desert valley which extends into the southeast half of the Lund
Quadrangle at the southern end of the Wah lah Mountains.

Teb Beers Spring Member--Green-brown, well-sorted volcanic sandstone.
Exposed thickness ranges from O to as much as 400 m south of
Jockey Road where a local lense of pyroxene-plagioclase-phyric
andesite and a firmly welded ash-flow tuff are included.

Tef Quartz latite flow member--Lavender-grav, somewhat platy, with less
than 10 percent phenocrysts (highly altered) of plagioclase,

biotite, and hornblende.
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Rhyolite menber--Variegated lavender, brown, red to pink, platy, flow-

layered, felsitic rhyolite with phenocrysts of chalky plagioclase
(often weathered out, leaving pits) and inconspicuous biotite;

hornblende appears in some thin sections.

Andesite member--Black, massive, generally nonvesicular, with

phenocrysts of plagioclase and augite; weathers into brown

blocks. Maximun thickness is 360 m.

Tuff member of Marsden Spring--White, orange, pale-green or gray

crystal-poor and locally lithic-rich ash-flow tuff; phenocrysts of
quartz, feldspar, and biotite are less than 1 mm across and
conprise only a few percent of the rock; lithic fragments include
pink and gray felsite and, near the base of the tuff, pink
quartzite. Unit includes a tuff containing abundant plagioclase
and biotite phenocrysts in exposures two miles southwest of Herd

Pass. Thickness is 0-300 n.

PALEOZOIC SEDIMENTARY ROCKS, UNDIVIDED

Chiefly limestones

After Best, 1979 and Best and Jeffrey, 1979.

SAMPLE COLLECTION

Two sets of rock samples were collected within the survey area; objective

samples were collected from randomly selected outcrops at a density of one

sarple per 0.25 square miles (0.64 square kilometers), and subjective sanples

were collected fron obviously altered and mineralized rock. Sample numbers

within the 1000 and 2000 series are subjective samples, all other sample

nunbers are of objective samples.

The 7 1/2-minute quadrangle maps of the survey area were divided into

cells using a 0.50-nile grid length. Each cell was then divided into

10



4 squares, defined as subcells. One subcell was randomly selected from each
cell for field collection (Figure 3). The sample site was an area of
approximately three feet across (1 square meter). Weathering surfaces were
removed and one to three pounds (400g to 1000g) of fresh rock chips were
placed in cotton sacks. Duplicate samples were collected from 12 outcrops
from sites located 30 to 100 feet (10 to 30 meters) from the original site.
If the designated subcell did not contain an outcrop, an alternate subcell
from the same cell was sampled. A total of 210 objective samples and 80

subjective samples were collected from the survey area (Figure 4).

ANALYTICAL METHODS

The rock samples were pulverized and subjected to a total digestion with
HNO5 - HC104 - HF and analyzed with the inductively coupled plasma atomic
emission spectrometer (ICP) for the elements Ag, Al, As, Au, B, Ba, Be, Bi,
Ca, Cd, Ce, Co, Cr, Cu, Fe, Ge, La, Mg, Mn, Nb, Ni, P, Pb, Sb, Sn, Sr, Ti, V,
W, Y, and In. Ag, As, Au, B, Ge, and Sb were either below the detection limit
of the ICP or were lost in the decomposition procedures. Li, Na, and Rb were
analyzed by atomic absorption. Ca, K, and Si were analyzed by X-ray
fluorescence, and F was analyzed by ion-specific electrode after digestion
with Na2C03-K2CO3-KNO3 flux. (Delezal, Povondra and Sulcek, 1966; Grimes and

Marranzino, 1968; Hopkins, 1977; Meier, 1980; Motooka and Grimes, 1976).

GENERATION OF CONTOUR MAPS
Computer-generated contour maps for each element were prepared using the
U.S. Geological Survey's STPMAP program written by J. Kork and modified by
G. Van Trump. The program calculates an average value within a square cell
and uses the average to generate the maps. Therefore, cell values are

contoured and not individual sample vaiues. Some spatial displacement of

11
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actual anomalies is possible using this method. The survey area was divided
into 30 contouring cells along the X-axis and included an area slightly larqer

than the survey area, which mifiimized contour edge exaggerations.

RESULTS

The analytical results for the rocks are given in Appendix 1. The
elenments Al, Ba, Be, 8i, Ce, Cr, Fe, La, Mg, Mn, Mo, Nb, Pb, Sn, Sr, V, W, Y,
In, Li, Na, Rb, Ca, K, Si, F, and Ti were used in data interpretation. All of
these elements show concentration variations that are associated with the
regional geochemical anomaly. The elements Mo, Sn, Bi, Be, F, Li, Nb, and Y
are generally enriched in the regional anomaly while the elements Al, Ce, Fe,
La, and Si are generally depleted in the regional anomaly. A summary of the
analytical results for the objective and subjective samples are given in
Table 1 and Table 2 respectively. Analysis of the elements Ag, As, Au, B, Ge,
and Sb was not possible due to element loss in the decomposition procedures or
hecause too few values were reported. Calcium values from the X-ray
fluorescence analysis were used instead of those from the ICP. No clear
geochemical trends were exhibited by Cd, Co, P, or Ni and these elements were

not used in data interpretation.

OBJECTIVE ROCK SAMPLE SURVEY RESULTS
The correlation matrix for the logarithmetic rally transformed objective
rock data is given in Table 3. Fluoride has significant correlation
coefficients with respect to K, Si, Be, Li, Mn, Nb, Rb, and Y at the 0.05
significance level. Cerium has significant correlations with Al, Fe, K, Na,
Ti, Ba, La, P, Sr, and Zn at the 0.05 significance level. Tin has significant
correlations with Na, Be, Bi, Zn, and Mo at the 0.05 significance level.

These geochenical suites suggest an emplacement of a highly differentiated

14
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leucocratic ore elenent-rich body at depth. The elements Mo, Sn, F, and Be
are commonly closely associated with each other in economic or potentially
economic primary Sn and Mo deposits (Groves and Taylor, 1973; Haapala, 1977;
Lamarre and Hodder, 1978; Rub, 1972; Sainsbury, 1969; Turneaure, 1971, and
Wallace and others, 1978; Mulligan, 1971; Vlasov, 1966). In the survey area
anomalous Sn and Bi show spatial distribution over the regional anomaly
(Figures 5 and 6). The highest values for Mo occur in the northeast part of
the survey area in a highly altered area near an old mercury mine (Figure 7).

The elements Be, Y, Nb, Li, and F show two major concentration anomalies
(Figures 8-12). One anonaly designated the northern anomaly, is located in
the northern portion of the survey area within the regional anomaly. No
altered or mineralized rocks have been mapped in this area (Best, 1979). The
other anomaly designated the southern anomaly, is located in the southern
portion of the survey area within an area of highly altered rocks. Both
anomalous areas have high concentrations of the enriched elements, but the
northern anomaly contains higher concentrations and larger spatial
distribution of F, Li, Mo, Sn, and Bi.

The southern anomaly is located within both ash-flow tuffs and.rhyolite
flows, whereas the northern anomaly is restricted to rhyolitic flows and domes
(Figure 3). The rocks exposed between the two anomalies is the same rhyolite
as is exposed in the regional anomaly. Most of the rocks in the southern
anomaly have been bleached and undergone feldspar-destructive alteration with
the developuent of silicious capping. The northern anomaly contains no
obvious alteration but the rocks underlying the area may be propylitically
altered, similar to the rocks observed along Four-Mile Wash to the east of the

reqgional anomaly.
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Figure 5.-- Contoured objective rock data for Sn.
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highest concentration. The dots are sample site locations.
Contour intervals 25,30,40 ppm.
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Figure 7.-- Contoured objective rocx data for xo.
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Figure 8.-- Contoured objective rock data for Ze.
“orizontal lines show the approximate location of the
original ancmaly, while vertical lines show the area

of highest concentration. The dots are sample site

locations. Contour intervals 2, 10, 14, 20 ppm.
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Figure 10-- Contoured objective rock data for ub.
morizontal linrnes show the approximate location of the
riginal anomaly, wnile vertical lines show the zareza
of nighest concentration. The dots are sample site
locations. Contour intervals 41, 67, 93, 119 ppm.
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Figure 11--

Contoured objective rock data for 1li.
Horizontal lines show the approximate location of the

original anomaly, while vertical lines show tne area
of highest concentration. The dots are sample site

locations. Contour intervals 16, 25, 50, 79 ppm.
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Figure 12-- Contoured objective rock data for T~
Horizontel lines show the approximate location of thne
originel anomaly, while vertical lines show the area
of highest concentration. The dots are sample site
locations. Contour intervels .07, .14, .26, .30, .33
percent.
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The depleted elements have even lower concentrations over both.the north-
ern and southern anomalies (Figures 13-17). Cerium and La depletions outline
the two anomalies best (Figures 13 and 14), whereas Fe and Al show broad areas
of depletion around the anomalies (Figures 15 and 16). Silica shows a
depletion within and slightly north of the northern anomaly (Figure 17).

The objective data contour maps show the expected geochemical trends for
elements associated with the enplacenent of a highly differentiated,
leucocratic, potentially ore-element-rich body. The northern anomaly has the
highest concentrations of F, Li, Mo,Sn, and Bi. Both the southern and
northern anomalies have Tow concentrations of the depleted elements hut the

northern anomaly contains the lowest Si concentration.

SUBJECTIVE ROCK SAMPLE DATA

Point plots were made of the subjective samples, as the number of samples
was not great enough to contour. The correlation matrix for logarithmically
transformed data is given in Tahle 4. Fluoride has significant correlation
coeffieants with respect to Al, Be, Li, Mn, Nb, Ni, Ph, Rb, Sr, Y, and Zn at
the 0.05 significance level. Cerium has significant correlation coefficants
with respect to Al, Cu, La, Ni, P, Sf, V, and Zn at the 0.05 significance
Tevel.

The ore elements, Mo, Sn, and Bi have high concentrations in the regional
anomaly (Figure 18) as well as a few other areas outside the anomaly. The
highest Bi value (sample 1024) and anomalous F concentrations occur north of
the regional anomaly. The sample was taken from a small bleached and silici-
fied outcrop in contact with an ash-flow tuff. Two areas containing anomalous
concentrations of Mo and Bi north of the regional anomaly are found in hydro-
thermally altered rocks, as evidenced by samples 1049, 1051, and 1054. The

highest Mo value is from the northern part of the area (samples 1045 and 1043)
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Figure 13-- Contoured objective rock data for Ce.
Horizontal lines show the approximate location of the
originel anomaly, while vertical lines show the area
of highest concentration. The dots are sample site

locations. Contour intervals &1, 57, 17¢, 188 ppi.
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Pigure 174 .-- Contoured cbjective rock data for la.
Horizontal lines show the approximate location of the
original anomaly, while vertical lines show the area
0of highest concentration. The dots are sample site
locations. Contour intervals 29, 48, 57, 76 ppm.
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Figure 15.-- Contoured objective rocx data for re.
Horizontal lines show the approximate location of the
original anomaly, while vertical lines show the area
of highest concentration. The dots are sample site
locations. Contour intervals .6, 1.0, 2.0, 3.2 percent.
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Figure 16.-- Contoured objective rock data for Al.
Horizontal lines show the approximate location of the
original anomaly, while vertical lines show the area
of highest concentration. The dots are sample site
locations. Contour intervals 7, 8, 9 percent.
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figure 17.-- Contoured objective rock data for Si.

rorizontal lines show the approximate location of the
original anomaly, while vertical lines show the ares
of highest concentration. The dots are sample site

locations. Contour intervals 32, 35, 36, 38 percent.
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Pigure 18.-- Comparison of subjective rock data for
%0, Bi and Sn to the contoured obﬂec*lve rock data for o,
Horizontal lines show the approximate 1ocation of the
regional anomaly, while vertical lines show the areas of
highest concentration of objective data. <Contour intervals
are 3.5, 5.0, 10.0 ppm. The small dots are sample site
locations.
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where samples of extensively iron-stained and silicified rocks were taken,
possibly along a fault zone.

The enriched elements Be, Y, Nb, Li, and F all have high values over both
the northern and southern anomalies (Figures 19-23). The highest Be value
(sample 1040) occurs in highly altered breccia, cemented by purplish-grey
jasperoid in the northern anomaly. Other samples containing high values of
the enriched elements are from flow-banded, vuggy, and sometimes brecciated
rhyolite and from bleached and silicified rocks in highly fractured areas,
possibly fault zones.

The behavior of the depleted elements in the subjective samples is
similar to that shown by the objective sample contour maps. The highest
concentration of depleted elements is usually in areas away from the highest
concentration of enriched elements (Figures 24-28). One low value of Si
occurs in the northern anomaly. This sample (1039) is from an area of
jasperoid within the rhyolite near the center of the northern anomaly. The
elements Ba and Sr are concentrated away from the enriched elemental anomalies
(Figures 29 and 30).

The two anomalies outlined by the objective rock data are also outlined
by thé subjective rock data showing the enriched and depleted elemental
trends. The anomalous samples outside the northern and southern anomalies

represent altered and mineralized rocks along possible faults and fractures.

DISCUSSION
The geochemistry and geology of the study area are very similar to those
around known Mo and Sn deposits (Lamarre and Hodder, 1978; Sainshury, 1969).
Most of these deposits are found in leucocratic, alkali granites or hypabyssal
rhyolites (Barakso and Gower, 1973; Hosking, 1965a; Sharp, 1978; and Yallace

and others, 1978) that commonly are the youngest phase of a larger
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Figure 22.-- Comparison of subjective rocx data to
contoured objective rock data for Li. Horizontal lines
show the approximate location of the regional anomaly,
while vertical lines show the areas of nighest concentra-
tion of objective data. Contour intervals are 16, 25, 50,
79 ppm. The small dots are sample site locations.
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Figure 23.-- Comparison of subjective rock data to
contoured obvjective rocx data for ¥. ZHorizontal lines
show the approximate location of tne regional anomaly,
while vertical lines show the areas of highest concentra-
tion of objective data. Contour intervals are .07, .14,
26, .30, .39 percent. The small dots are sample site
locations.
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Figure 24.-- Comparison of subjective rocx data to
contoured objective rock data for Ce. Horizontal lines
show the approximate location of the regional anomaly,
wnile vertical lines show the areas of highest concentra-
tion of objective data. Contour intervals are 81, 37,
176, 188 ppm. The small dots are sample site locations.
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Tigure 25.-- Comparison of subjective rocx data to
contoured objective rock data for La. EHorizontal lines
sShow the approximate location of the regional anomaly,
while vertical lines show the areas of highest concentra-
tion of objective data. Contour intervals are 29, 43,
57, 76 ppm. The small dots are sample site locations.
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Figure 26.-- Comparison of subjective rock data to
contoured objective rock data for Fe. Horizontal lines
show the approximate location of the regional anomaly,
while vertical lines show the areas of highest concentra-
tion of objective datz. Contour intervals are .5, 1.0,
2.0, 3.2 percent. The small dots are sample site locations.
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Figure 27.-- Comparison of subjective rocz data to
contoured objective rock data for Al. Horizczmzal lines
show the approximate location of the regiona. znomaly,
while vertical lines show the areas of nighes< concentra-
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